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Network Power Consumption: 6B kWh in 2006!

~267K average size homes
S50M a month
a ginormous amount of CO,

2Xx increase projected for 2011




48-port Switch
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power usage (W)

Top-of-Rack Switch

All links on:
5% variation

20047 cnennnnaess
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50% 100%
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E-commerce website, 300 servers
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Provisioning for peak
+

Time-varying traffic demands
+

Low efficiency at low loads

Lots of wasted power



Can’t do much for 1 switch.

What if we have 1000 switches?
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-up Data Center: 2N Tree

Scale
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Scale-out Data Center: Fat Tree

Pod 0 Pod 1

. A Core

Pod 2

de

Pod 3
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from Scalable Commodity Data Center, SIGCOMM 2008, Al Fares et al.




Today’s Network Power Knobs

vary link =, I G disable
speed switches

move workloads
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Our approach:
Turn off unneeded links and switches.
[Carefully]

[At Scale]



End goal:

Create an
energy-proportional data center network

from non-proportional components.
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ElasticTree

network topology

routing restrictions network subset
power models W flow routes
traffic matrix

Optimize for
Power Efficiency

Later, balance:
+ Fault Tolerance
+ Utilization Bounds
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3 Optimizers

Formal
Model /7

Greedy
Bin-packer

Topo-
aware
Heuristic

optimality

scalability
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Formal Model



Variables

Amount of each flow along each link

Real
Boolean

Boolean

Optimization Goal

Switch power state

Link power state

minimize 2 ( link + switch power)

Constraints

Multi-
Commodity
Flow

Our
Additions

Capacity

Flow Conservation
Demand Satisfaction
Flow on active links only

Connect switches and links

traffic <= link rate?
packets in = packets out?
bandwidth >= demand?
link off €2 no flow
switch off <> links off
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Greedy bin-
packing
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a |b |c |[d |e
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_[a b Jc |d Je |
place flow [b,d]
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ensure connectivity
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3 flows, each 0.4Gbps |
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place flow [a,d]

29



_Ja Ib lc |d Je
a 0.4

place flow [b,d]

30



_Ja b Jc |d |e
a 0.4
place flow [c,e] T Y

C 0.4

L

31






complete solution




Power Savings
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adding fault tolerance




Cost of Fault Tolerance
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54-node 3-layer Fat Tree (+1 MST)
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E-commerce trace, augmented
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Topology-
aware Heuristic
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- [a [b |c |d |e |
d 0.4
Topo-aware Heuristic b

& 0.4
d
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| 2 core switches
~ | cover the up-traffic \\

Ve NI

Insight:
Only need to know cross-layer totals -
not the full traffic matrix

\

‘Eihﬂzjhging\zap.gi“

d e

)
®©

Q
(@]

43




Decoupled Optimization and Routing

network topology

routing restrictions optimizer
power models

subset

port flow
counters routes

data center network
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Optimizer Comparison

Formal Optimal Any Poor Traffic
~0(n3-*) Matrix

Greedy Good Any Good Traffic
~0(n?%*) Matrix

Topo- OK Structured Best Port
aware O(n) Counters
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Computation time (s)

Scalability
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~20K hosts in
1 20 seconds
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g The Prototype
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Example



Your goal: configure ElasticTree to
* Minimize power (duh!)

 Handle bursts 5x larger than those seen
during one-week traffic history

* |ncrease latency no more than 10%
* Maintain equivalent fault tolerance to 2N tree

You have:
* 300 servers
e Switches with 5-minute boot time



(1) How fast does traffic change?
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(2) Which Optimizer?
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(3) What utilization bound?

17 Mbps rise in 10 min
5x faster rise = 85 Mbps

900

e e e ]
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100 500 300 460 500
overload (Mbps / Host)
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What makes this real?

* Better understanding of:
— algorithmic tradeoffs
— application behavior
— protocol interactions

e Switches with sleep mode



Summary



Contributions

ldentified an opportunity

Three algorithms: Model, Greedy, Heuristic

Initial understanding of tradeoffs

Running prototype



ElasticTree is a first step toward an
energy-proportional data center network
from non-proportional components.

Switch sleep makes it practical.
Proportional components are even better.
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Questions
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Google Router port
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Formal Model

Capacity constraints: > .| fi(u,v) < c(u,v)
The sum total flow of all commodities in each link must not exceed the
edge capacity.

Flow conservation: Y . fi(u,w) =0 when u # s;,t;

Commodities are neither created nor destroyed at intermediate nodes.
Demand satisfaction: ) _ fi(s;,w) =) v fi(w,t;) =d;

Each source and sink sends or receives an amount equal to its demand.
Deactivated links have no traffic: X, , =0 — fi(u,v) = 0,Vi.

Deactivated switches have no active links: YVu € VY, =0 — > Xwu =0.

wevV

Both “halves” of a link must be turned on if traffic is flowing in either di-
rection of a physical link: V(u,v) € F, X\, = Xpu.

Minimize ., cp Xuw X a(u,v) + ), oy Yo X b(u)
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Virtual ' Physical

OpenFlow protocol

AN

Switch Box O

Switch Box 1

Latency
Monitor

[
[

NetFPGA
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dashboard System Diagram
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config



latency under extra load
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overload (Mbps / Host)
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Decoupled Optimization and Routing

network topology

routing restrictions

optimizer wuﬁng

power models

port power flow
counters routes
port/sw
on/off
—

data center network
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